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(57) Abstract 

PURPOSE: To make possible high speed modulation 
wherein extinction ratio is high and wavelength chirp does 
not exist, by arranging a polarizing element at a position 
where the emitted light of a surface emitting 
semiconductor laser is blocked, in the manner in which 
the emitted light permeates the element at a specified 
injection current value. 

CONSTITUTION: A polarizing element 2 is so arranged 
behind the light emitting surface of a surface emitting 
semiconductor laser 1 that the light in the polarization 
direction at the time of oscillation start of the surface 
emitting semiconductor laser 1 can permetate the 
polarizing element 2. When the current value is changed 
from the current value I before 90° rotation of polarized 

wave is generated to the current value l 2 after the rotation 

has been generated, the light permeating the polarizing 
element 2 is extinguished. When the current value is 
inversely changed from the value l 2 to the value \ y the 

light permeates the polarizing element 2. Hence the 
ON/OFF of the light with very high extinction ratio is 
possible by a very narrow current driving range. The 
period of ON/OFF of the light can be inverted by setting 
the polarizing element 2 in the manner in which the light 
polarized vertically to the above direction permeates the 
element. 
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TITLE: Optical Switch 
ABSTRACT 

[Object] In connection with optical switches using surface emitting semiconductor 
lasers, to easily construct an optical switch and to enable high-speed modulation with a 
high quenching ratio and without wavelength chirping. 

[Structure] 1) An optical switch comprising a surface emitting semiconductor laser 1 
capable of oscillating in a single horizontal mode, and a polarizing element 2 positioned 
at a location cutting off the light emitted from the surface emitting semiconductor laser 
and passing the emitted light with an injected current value smaller than or larger than a 
current value wherein the increase in the injected current in the surface emitting 
semiconductor laser rotates the polarization by 90°, a current drive range being set in the 
vicinity of the current value where the polarization rotates by 90°, whereby the emitted 
light is turned ON/OFF. 2) A resonance cavity including the active region of the 
surface emitting semiconductor laser has a shape which is symmetric through a 90° 
rotation when viewed from the light emitting surface. 3) The resonance cavity is 
cylindrical in shape. 4) The resonance cavity is in the shape of a regular 4n-sided 
(where n is a positive integer) column. 
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CLAIM 

1. An optical switch characterized by comprising a surface emitting 
semiconductor laser (1) capable of oscillating in a single horizontal mode; and a 
polarizing element 2 positioned at a location cutting off the light emitted from said 
surface emitting semiconductor laser and passing the emitted light with an injected 
current value smaller than or larger than a current value wherein the increase in the 
injected current in the surface emitting semiconductor laser rotates the polarization by 
90°; a current drive range being set in the vicinity of the current value where the 
polarization rotates by 90°, whereby the emitted light is turned ON/OFF. 

2. An optical switch as recited in claim 1, characterized in that a resonance cavity 
including the active region of said surface emitting semiconductor laser (1) has a shape 
which is symmetric through a 90° rotation when viewed from the light emitting surface. 

3. An optical switch as recited in either claim 1 or claim 2, characterized in that 
a resonance cavity including the active region of said surface emitting semiconductor 
laser (1) is cylindrical in shape. 

4. An optical switch as recited in either claim 1 or claim 2, characterized in that a 
resonance cavity including the active region of said surface emitting semiconductor 
laser (1) is in the shape of a regular 4n-sided (where n is a positive integer) column. 

DETAILED DESCRIPTION OF THE INVENTION 
Field of Industrial Application 

The present invention relates to an optical switch using a surface emitting 
semiconductor laser. Recently, research into vertical cavity surface emitting 
semiconductor lasers where the emitted light is extracted perpendicularly with respect to 
the growth substrate as optical interconnection devices has become popular. 

In optical interconnection, it is essential to modulate the amplitude or phase of the laser 
beam, and research has been advanced into integrated devices with vertical cavity 
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surface emitting semiconductor lasers having these functions. 
Prior Art 

Vertical cavity surface emitting semiconductor lasers are different from stripe lasers in 
that the light is withdrawn in a direction perpendicular to the substrate, and the 
divergence of the beam is limited, so that it is possible to make high-density two- 
dimensional arrays. 

Figs. 4(A) and 4(B) are diagrams for explaining conventional methods for modulating 
semiconductor lasers. The drawing shows an example of a common stripe laser. In 
general, methods for modulating the optical intensity of semiconductor lasers include 
direct modulation methods where the optical intensity is modulated by modulating the 
injected current as shown in Fig. 4(A), and external modulation methods where the light 
emitted by the semiconductor laser is made constant and the emitted light is modulated 
by external modulators as shown in Fig. 4(B). 

Problems to be Solved by the Invention 

Stripe-type semiconductor lasers are not capable of forming one-dimensional arrays due~ - 
to their structure, and they are difficult to couple with optical fibers and tend to generate 
crosstalk because their beams are highly divergent. 

With regard to optical intensity modulation of semiconductor lasers, the device and 
peripheral circuitry are simple with a direct modulation method, the modulation range 
of the injected current must be made large in order to make the ON/OFF intensity ratio 
of the light big, as is clear from the optical intensity versus injected current 
characteristics of Fig. 4(A). However, since the oscillation wavelength of the laser 
will change along with the magnitude of the injected current, slight frequency 
fluctuations (wavelength chirping) occurs in the continuous wave carrier when the 
modulation frequency range is made large during high frequency modulation, thus being 
a cause for transmission errors. 

On the other hand, with the external modulation methods, the optical output and 
oscillation wavelength of the laser itself are constant, so that wavelength chirping is not 
likely to occur; therefore, they are advantageous for high-speed modulation. However, 
external modulators are necessary in addition to the semiconductor laser, so that the 
structure of the device and peripheral circuitry is complicated. 

The present invention has the object of easily constructing an optical switch using a 
surface emitting semiconductor laser, enabling high-speed modulation at a high 
quenching ratio without wavelength chirping. 
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Means for Solving the Problems 

The above-described problems can be resolved by means of: 

1) an optical switch comprising a surface emitting semiconductor laser 1 capable of 
oscillating in a single horizontal mode, and a polarizing element 2 positioned at a 
location cutting off the light emitted from the surface emitting semiconductor laser and 
passing the emitted light with an injected current value smaller than or larger than a 
current value wherein the increase in the injected current in the surface emitting 
semiconductor laser rotates the polarization by 90°, a current drive range being set in the 
vicinity of the current value where the polarization rotates by 90°, whereby the emitted 
light is turned ON/OFF; 

2) an optical switch as recited in paragraph 1 above, wherein the resonance cavity 
including the active region of the surface emitting semiconductor laser has a shape 
which is symmetric through a 90° rotation when viewed from the light emitting surface; 

3) an optical switch as recited in either of paragraphs 1 or 2 above, wherein the 
resonance cavity including the active region of the surface emitting semiconductor laser 
is cylindrical in shape; or 

4) an optical switch as recited in either of paragraphs 1 or 2 above, wherein the 
resonance cavity including the active region of the surface emitting semiconductor laser 
is in the shape of a regular 4n-sided (where n is a positive integer) column. 

Functions 

Fig. 2 is a structural diagram showing a device arrangement. In the drawing, reference 
numeral 1 denotes a vertical cavity surface emitting semiconductor laser, 2 denotes a 
polarizing element and 3 denotes a line for injecting current into the surface emitting 
semiconductor laser. 

The side surfaces of the active region and cavity of the vertical cavity surface emitting 
semiconductor laser is surrounded by a substance having a smaller refractive index. 
Additionally, the shape of the active region is such that it will retain the same shape 
when rotated by 90° on the axis centered on the surface (e.g. a circle or a regular 4n- 
sided (n being a natural number) polygon), the shape of the cavity is that of a column 
having a bottom surface which is the same shape as that of the above-described active 
region, the size being made sufficiently small so that the surface emitting semiconductor 
laser oscillates in a single horizontal mode, and does not oscillate in higher order 
horizontal modes. The reason is that the higher order horizontal modes would oscillate 
in a polarization direction perpendicular to that of the fundamental mode. 
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The polarizing element 2 is positioned so that light polarized in one direction is easily 
passed. Fig. 1 is a diagram explaining the basic principle of the present invention. 
This drawing shows the current versus optical output characteristics at each polarization 
of the surface emitting semiconductor laser in the system shown in Fig. 2. 

When the light emitting region is oscillating in a single horizontal mode with the above- 
mentioned structure, the direction of polarization is the direction aligned with the 
crystalline orientation. Here, it is known that when the amount of injected current 
increases, a difference in gain occurs between the polarizations and the polarization 
rotates by 90°. 

Using Fig. 1, the operations of the present invention shall be explained. In the drawing, 
(1) and (2) indicate a polarization direction and the current versus optical output 
characteristics corresponding thereto. A polarizing element 2 is placed after the light 
emitting surface of the surface emitting semiconductor laser 1 so that light in the 
polarization direction can pass when oscillation of the surface emitting semiconductor 
laser 1 is begun. When the current values are changed from the current value I, prior 
to the polarization rotating by 90° and the current value I 2 after that has occurred, the 
light passing hitting the polarizing element 2 is quenched. 

Next, when the current is conversely changed from I 2 to I,, the light hitting the 
polarizing element 2 is passed. In this way, the light can be turned ON/OFF with an 
extremely high quenching ratio in a small range of current. Additionally, when light 
polarized perpendicular with respect to the above-mentioned direction is passed through 
the polarizing element 2, it is possible to reverse the ON/OFF periods of the light. 

Embodiments 

In the embodiments, the case in which a 0.98 ^im band surface emitting laser is used 
shall be explained. First, a surface emitting laser is made by the following procedure 
(see Fig. 3). 

On an n-GsAs substrate (Si doping rate 2 x 10 17 cm" 3 ) 11, a molecular beam epitaxy 
method is used to sequentially grow 22.5 pairs of an n-GaAs layer (thickness 696 
A)/AlAs layer (thickness 830.5 A, Si doping rate 2 * 10 18 cm' 3 ), an n-AlGaAs cladding 
layer (thickness 780.6 A, Si doping rate 2 x 10 18 cm* 3 ) 13, an AlGaAs spacer layer 
(thickness 500 A) 14, two groups of strained quantum wells composed of a GaAs 
barrier layer (thickness 100 A) and an InGaAs barrier layer (thickness 80 A) as an 
active layer 15, a GaAs barrier layer (thickness 100 A) 16, an AlGaAs spacer layer 
(thickness 500 A) 17, a p-AlGaAs cladding layer (thickness 780.6 A, Be doping rate 2 * 
10 18 cm' 3 ) 18, 25 groups of a p- AlGaAs grated layer (thickness 100 A)/p-AlAs layer 
(thickness 614 A)/p-AlGaAs grated layer (thickness 100 A)/p-GaAs layer (thickness 
514.6 A, Be doping rate 2 * 10 18 cm" 3 ) forming p-type DBR mirror with a grated layer 
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19, a p-AlGaAs grated layer (thickness 100 A, Be doping rate 2 * 10 18 cm' 3 ) 20, and a p- 
GaAs phase rectifying layer (thickness 445.5 A, Be doping rate 1 * 10 18 cm' 3 ) 21. 

Here, the grated layer is provided on the p-type DBR mirror in order to reduce the 
device resistance. Next, a photoresist is coated onto the surface of the epilayer, and an 
aperture portion having a diameter of 5 [xrn is formed. After vapor depositing an 
Ni/AuZn (bottom layer/top layer) deposition film on the entire surface of the substrate 
to form a mask for reactive ion etching (RTE) and a p-side electrode 22, the photoresist 
is lifted off and an etching is performed partially through the n-type DBR mirror 2 by 
means of RTE using chlorine gas, to form a cylindrical mesa having a diameter of 5 \im. 

Next, a photoresist is again coated onto the surface of the epilayer, a window is opened 
in the n-type DBR mirror, an AuGe/Au (bottom layer/top layer) deposition film is vapor 
deposited on the entire surface of the substrate as an n-side electrode film, and an n-side 
electrode 23 is formed by a liftoff method. 

Finally, the reverse surface of the substrate is polished, and this portion is covered with 
a silicon nitride (SiN) film (thickness 1303 A, refractive index n = 1.88) to be an AR 
coating film (non-reflective film) 24, thus completing the device. 

The polarization of the surface emitting laser having the above-described structure 
immediately after oscillation is in the <0 1 1> or <0 1 -1> direction, and the oscillation 
is in a single horizontal mode because the active region is small, with a diameter of 5 
jim. Additionally, since a single-wavelength resonance cavity has been formed, there 
is also only one possible lateral mode. Therefore, after oscillation, current is further 
injected, and the polarization direction rotates by 90° after the current value reaches 6 
mA. In this embodiment, modulation is performed with I, at 5.9 mA and I 2 at 6.1 mA 
as the current drive range. 

AGlan-Thompson prism is used as the polarizing element, which is arranged so as to be 
capable of transmitting light in the polarization direction immediately after oscillation. 
By using this arrangement, the light will be quenched when the polarization direction is 
rotated by 90°. 

Effects of the Invention 

According to the present invention, an optical switch can be easily constructed using a 
surface emitting semiconductor laser and a polarizing' element, and high-speed 
modulation without wavelength chirping is possible because the light can be turned 
ON/OFF in a small current drive range, i.e. with a high quenching ratio with only small 
wavelength fluctuations. 

Furthermore, since the beams of surface emitting semiconductor lasers diverge less than 
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those of stripe type lasers, it is possible to realize a crosstalk-free high-density two- 
dimensional switch array, and to transmit large amounts of information without errors. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 


A diagram for explaining the basic principle of the present invention. 


Fig. 2 


A structural diagram of the present invention. 


Fig. 3 


A section view of a laser used in an embodiment. 


Fig. 4 


An explanatory diagram for a semiconductor laser modulation method 




according to a conventional example. 


Explanation of Reference Numbers 


1 


vertical cavity surface emitting semiconductor laser 


2 


polarizing element 


3 


line for current injection into surface emitting semiconductor laser 


11 


n-GaAs substrate 


12 


22.5 pairs of n-GaAs layer/ Al As layer which is an n-type DBR mirror 


13 


n-AJGaAs cladding layer 


14 


AlGaAs spacer layer 


15 


strained quantum well composed of a GaAs barrier layer and an InGaAs layer 




which is an active layer 


16 


GaAs barrier layer 


17 


AlGaAs spacer layer 


18 


p-AlGa-As cladding layer 


19 


25 groups of p-AJGaAs grated layer/p-AJAs layer/p-AlGaAs grated layer/p- 




GaAs layer which is a p-type DBR mirror with grated layer 


20 


p-AlGaAs grated layer 


21 


p-GaAs phase rectifying layer 


22 


Ni/AuZn deposition film which is a p-side electrode 


23 


AuGe/Au deposition film which is an n-side electrode film 


24 


SiN film which is an AR film 



